1) Background: We examined trends in incidence and outcomes in women with existing type 1 diabetes mellitus (T1DM), type 2 diabetes mellitus (T2DM) and gestational diabetes mellitus (GDM) compared with a control group without diabetes. (2) Methods: This was an observational, retrospective epidemiological study using the National Hospital Discharge Database. (3) Results: There were 2,481,479 deliveries in Spain between 2009 and 2015 (5561 mothers with T1DM, 4391 with T2DM, and 130,980 with GDM). Incidence and maternal age of existing diabetes and GDM increased over time. Women with T2DM were more likely to have obstetric comorbidity (70.12%) than those with GDM (60.28%), T1DM (59.45%), and no diabetes (41.82%). Previous cesarean delivery, preeclampsia, smoking, hypertension, and obesity were the most prevalent risk factors in all types of diabetes. Women with T1DM had the highest rate of cesarean delivery (Risk Ratio (RR) 2.34; 95% Confidence Interval (CI) 2.26-2.43) and prolonged maternal length of stay. Labor induction was higher in T2DM (RR 1.99; 95% CI 1.89-2.10). Women with T1DM had more severe maternal morbidity (RR 1.97; 95% CI 1.70-2.29) and neonatal morbidity (preterm birth, RR 3.32; 95% CI 3.14-3.51, and fetal overgrowth, RR 8.05; 95% CI 7.41-8.75). (4) Conclusions: existing and GDM incidence has increased over time. We found differences in the prevalence of comorbidities, obstetric risk factors, and the rate of adverse obstetric outcomes among women with different types of diabetes. Pregnant women with diabetes have the highest risk of adverse pregnancy outcomes.
Introduction
Diabetes mellitus during pregnancy is associated with an increased risk for severe maternal and neonatal morbidity [1, 2] . Type 1 diabetes mellitus (T1DM) or type 2 diabetes mellitus (T2DM) before pregnancy (existing diabetes) is associated with an around four times higher risk of preeclampsia and hypertension and almost twice the likelihood of cesarean delivery [3] . Gestational diabetes is associated with a greater risk of T2DM in the future [4] and greater neonatal morbidity when compared with pregnant women without diabetes (Odds Ratio (OR) 1.16; 95% Confidence Interval (CI) 1.04-1.30) [1] . Recently, Tinker et al. [5] reported strong associations between the presence of diabetes in pregnant women and several types of birth defects and fetal overgrowth [6] .
The prevalence of different types of diabetes among pregnant women is rising worldwide [7] [8] [9] [10] [11] . Population-based studies in Spain showed that the number of deliveries in women with existing diabetes and gestational diabetes has increased between 2001 and 2008 [3, 12] . In the United Kingdom, a study also reported an increment in deliveries of women with existing diabetes between 1995 and 2012, and higher rates of adverse pregnancy outcomes and obstetric interventions [13] . Similar findings have been reported in Canada and Sweden [14, 15] . However, in the United States a recent study concluded that from 2012 to 2016 the prevalence of gestational diabetes rose from 5.2% to 5.6%, and that the prevalence of existing diabetes remained unchanged at 0.8% [16] .
It has been reported that, as the maternal age increases and the prevalence of obesity continues to rise, more women will be affected by the complications associated with existing diabetes and gestational diabetes [11] .
The aim of the present study was to examine nationwide trends in Spain, from the years 2009 to 2015, in the incidence of deliveries, obstetric interventions, and obstetric outcomes among women with T1DM, T2DM, and gestational diabetes, and to compare these groups with women without diabetes.
Materials and Methods

Design, Setting, and Participants
This observational retrospective epidemiological study was conducted using the Spanish National Hospital Discharge Database (SNHDD) from 1 January 2009 to 31 December 2015. The SNHDD provides de-identified detailed medical information on over 95% of admissions to Spanish public and private hospitals, including discharge diagnoses (up to 14) and procedures (up to 20) performed during the hospital stay using the International Classification of Disease, 9th Revision, Clinical Modification (ICD-9-CM) codes. Details of the SNHDD have been described in previous studies by our group [3, 12] .
For the study purpose, we identified delivery admissions using the ICD-9-CM procedure and diagnosis codes, a methodology defined and validated by Kuklina et al. [17] .
ICD-9-CM codes were used to classify women with diabetes: T1DM (250.1×, 250.3×), T2DM (250.0×, 250.2×), and gestational diabetes (648.8×), with no other codes for existing diabetes. All other deliveries without any of the previous ICD-9-CM codes were included in the "Without diabetes" group.
In Spain, official screening recommendations for GDM have remained unchanged in recent decades, as described by the Spanish Group of Diabetes and Pregnancy and the Spanish Ministry of Health [18, 19] . Recommended universal screening for GDM in Spain is conducted using a two-step approach that includes a screening 50-g glucose challenge test at weeks 24-28 of gestation followed by a 100-g oral glucose tolerance test if the glucose challenge test is positive (≥140 mg/dL). Diagnosis is confirmed by any two plasma glucose level values at or above 105 mg/dL, 190 mg/dL, 165 mg/dL, and 145 mg/dL at fasting, 1 h, 2 h, and 3 h, respectively. For women with a high risk of GDM (>35 years of age, obesity, personal history of GDM, family history of type 2 diabetes in first-or second degree relatives, high-risk ethnicity), screening for GDM is recommended during the first trimester of pregnancy using the same approach [18, 19] .
Main Outcomes Measures
To identify comorbidity and obstetric risk factors among women with diabetes we used the Obstetric Comorbidity Index (OCI) [20] . The OCI is a weighted algorithm that assigns points for the presence of preexisting comorbidities, substance-related conditions, pregnancy-related conditions, and advanced maternal age (≥35 years). Batteman et al. in 2013 used a cohort of 569,882 women as a development sample and 284,941 women as a validation sample to define the OCI. Using the development sample, they constructed a multivariable logistic regression model using a fully stepwise selection algorithm that requires covariates to have a p-value ≤ 0.05 for both entry and retention in the model. The dependent variable was the presence of maternal end-organ injury or death during the delivery hospitalization through 30 days postpartum. The candidate-independent variables included the 24 maternal comorbidities defined as well as maternal age categorized as <19, 20-34, 35-39, 40-44, and >44 years at the time of last menstrual period. The final model included several maternal conditions and maternal age. Using the results from the final logistic regression model, those conditions with a beta coefficient ≤0.15 are assigned a weight of zero, and for each 0.3 increase in the beta coefficient, the weight assigned to individual conditions is increased by 1 point. Patient comorbidity index is then obtained by summing the weights for all comorbidities present and adding it to the relevant weight for the patient age. The performance characteristics of the newly derived score were then assessed using the validation cohort. The discrimination of the model was evaluated by calculating the area under the receiver operating curve (cstatistic) [20] . The ICD-9 codes used to identify the conditions of the OCI are shown in Supplementary Table S1 .
Among Severe maternal morbidity was defined as the presence of at least one of the 21 indicators of maternal morbidity as specified by the Centers for Disease Control and Prevention using the ICD-9-CM [21] .
We considered prolonged maternal length of stay as length of hospital stay over 4 days following cesarean delivery and over 2 days following vaginal birth as described by Metcalfe et al. [14] . Using ICD-9-CM codes we defined neonatal complications as preterm birth (644.2×) and fetal overgrowth (656.6). We could not analyze the presence of macrosomia in the infant because we identified women for delivery admissions and according to the SNHDD methodology, "macrosomia" (ICD-9MC code 766.0; oversize fetus weight of 4500 grams or more) can only be included as a diagnosis in the child´s discharge report but not in the mother's report [3, 12] .
Maternal in-hospital mortality was defined by the proportion of women who died during delivery admission for each year of study.
Statistical Methods
The incidence rates of delivery admissions in women with T1DM, T2DM, and gestational diabetes per 10,000 deliveries were estimated using the methods described in our previous studies [3, 12] .
Descriptive statistical analysis included proportions for categorical and means with standard deviations for continuous variables. For bivariable analysis, we used the χ 2 test, t student test, and ANOVA, as required.
To examine temporal trends in the prevalence of comorbidities and obstetric interventions we used non parametric test for trends. We used the χ 2 test to examine the association of diabetes types with neonatal morbidity and severe maternal outcomes.
We estimated relative risk of obstetrical interventions and severe maternal and neonatal complications (preterm birth and fetal overgrowth) between diabetes types using multivariable log binomial models. This method has been previously used by Metcalfe et al. and details on how to conduct log binomial models with STATA are described elsewhere [14, 22] . These models were adjusted by age and OCI and women without diabetes were used as reference category. We consider that the OCI is better than common confounders to adjust multivariable models because it is an important tool for summarizing comorbidity and for confounding control and has been previously validated and used by other authors [14, 20, [23] [24] [25] .
We performed all analysis with Stata version 10.1 (Stata, College Station, TX, USA). Statistical significance was set at p < 0.05 (2-tailed).
Ethical Aspects
Retrospective use of de-identified register data does not require ethical approval or informed consent according to Spanish legislation. The Spanish Ministry of Health (SMH) provided the database and gave us permission to use the data after we signed an engagement in which we legally committed to: (1) under no circumstances export the entire database or make partial exports that could allow the generation of the same through aggregation or identification of natural persons or reporting units and, (2) destroy the file or data provided and all the copies made of it once the period of time for which the data was required had elapsed.
Results
Overall, there were 2,481,479 deliveries in Spain between 2009 and 2015, 9952 coded with existing diabetes (55.87% with T1DM and 44.13% with T2DM), and 130,980 with gestational diabetes.
Incidence of Deliveries, Obstetric Interventions and Obstetric Outcomes among Women with Existing and Gestational Diabetes
Time Trends in the Incidence and Demographic Characteristics of Deliveries in Women with Existing and Gestational Diabetes
The incidence rate per 10,000 deliveries increased significantly over time in all types of diabetes (p < 0.001), as can be seen in Table 1 . The incidence of T1DM in pregnancy rose from 17.98 per 10,000 deliveries in 2009 to 23.9 in 2015 (p < 0.001) and for T2DM increased from 14.56 in 2009 to 22.4 per 10,000 deliveries in 2015 (p < 0.001), representing an increase >60% over the study period. Gestational diabetes in pregnancy also increased from 445.24 to 549.37 per 10,000 deliveries over the study period (p < 0.001).
Mean maternal age increased over time in pregnant women with T1DM and gestational diabetes (all p < 0.001) and was stable around 34 years old in those with T2DM. 
Comorbidities and Obstetrical Risk Factors of Deliveries in Women with Existing and Gestational Diabetes
As can be seen in Table 2 , over the entire period obstetric comorbidities were more common among pregnant women with diabetes than those without, with 70.12% of women with T2DM, 60.28% of women with gestational diabetes, and 59.45% of women with type1 diabetes having at least one condition included in the OCI, with an equivalent figure for non-diabetic women of 41.82%.
Previous cesarean delivery was the most prevalent obstetrical risk factor in all types of diabetes, with proportions of around 18% for those with T1DM or T2DM, 11% among those with gestational diabetes, and 8% for women without diabetes. Besides this risk factor, the most common risk factors for each type of diabetes were as follows: in women with T1DM, 6.28% had mild preeclampsia and 6.01% were tobacco users; in women with T2DM, 10.79% were obese and 10.48% had hypertension; and in women with gestational diabetes, 5.7% were tobacco users and 5.26% were obese ( Table 2) .
The types of comorbidities present differed between types of diabetes. In pregnant women with T2DM, prevalence of hypertension and obesity was fivefold and twofold higher, respectively, compared with women with gestational diabetes. Prevalence of mild and severe preeclampsia was higher in women with T1DM than in those with gestational diabetes (6.28% and 2.21% vs. 1.86% and 0.65%, respectively) ( Table 2 ).
OCI increased significantly over time (in T2DM: from 65.5% in 2009 to 72.09% in 2015; in T1DM: from 52.48% in 2009 to 65.05% in 2015; and in gestational diabetes: from 55.33% in 2009 to 65.77% in 2015; all p < 0.001). Prevalence of comorbidity according to the OCI was higher in pregnant women with T2DM than in women with other types of diabetes in all the study years, as can be seen in Figure 1 . Table 3 is the impact of diabetes types on obstetrical interventions and maternal and neonatal health outcomes. Labor induction was highest in women with T2DM (30.4%), followed by T1DM (29.58%) and gestational diabetes (22.55%). After controlling for age and OCI using multivariable models, and using women without diabetes as the reference, the probability of labor induction was around twice higher for T1DM and T2DM and 1.45 for gestational diabetes. The use of labor induction increased significantly over time for pregnant women with all types of diabetes (p < 0.001) as can be seen in Figure S1 .
Pregnant women with T1DM had the highest rate of cesarean delivery (56.86%), followed by women with T2DM (47.46%) and women with gestational diabetes (28.88%), as can be seen in Table 3 . After multivariable adjustment the probability of undergoing a cesarean delivery was 2.34, 1.83 and 1.18 times higher for T1DM, T2DM, and gestational diabetes, respectively, compared to non-diabetic women. However, as can be seen in Figure S2 , the rate of cesarean delivery remained constant among women with T1DM (p = 0.860) and gestational diabetes (p = 0.493) but decreased from 50.79% to 40.92% in women with T2DM (p = 0.008).
The use of forceps/vacuum extraction was similar in those with and without diabetes, whereas episiotomy was conducted in a significantly lower proportion of women with any type of diabetes than those without the disease (Table 3) .
Pregnant women with T1DM had more severe maternal morbidity and neonatal morbidity (preterm birth and fetal overgrowth), followed by women with T2DM, women with gestational diabetes, and women without diabetes ( Table 3) .
The adjusted risk of suffering severe maternal morbidity, compared with women without diabetes, was significantly higher for T2DM (RR 1.97; 95% CI 1.70-2.29) and for T2DM (RR 1.25; 95% CI 1.02-1.54). After adjusting by OCI and age, gestational diabetes did not increase the risk of severe maternal morbidity.
Women with T2DM had 3.32 higher probabilities of a preterm birth and 8.05 of fetal overgrowth when compared with women without diabetes. Equivalent figures for T1DM were 2.15 and 5.55, and for gestational diabetes, 1.18 and 2.63, respectively. No significant changes overtime was observed in the rate of severe maternal morbidity in women with diabetes ( Figure S3 ). The rate of preterm births decreased significantly among pregnant women with T2DM and gestational diabetes from 16.11% and 8.13% in 2009 to 12.47% and 7.43%, p = 0.05, respectively ( Figure S4 ). No temporal changes in preterm birth rate were observed for women with T1DM (p = 0.121) ( Figure S4 ). The rate of fetal overgrowth increased significantly in pregnant women with gestational diabetes over time (3.17% in 2009 vs. 3.64% in 2015; p = 0.007). No changes in fetal overgrowth were observed for women with T1DM (p = 0.540) or women with T2DM (p = 0.456) from 2009 to 2015 ( Figure S5 ).
Regarding and prolonged maternal length of stay the risk was 3.09 (95% CI 2.95-3.23) times higher among T1DM women and 2.22 (95% CI 2.09-2.35) times for those suffering T2DM compared with non-diabetic women. However, the proportion of prolonged maternal length of stay was very similar in case of gestational diabetes (11.19% vs. 10.49%; RR 1.02; 95% CI 0.99-1.03).
Maternal in-hospital mortality was very low in all groups of pregnant women (0% in women with T1DM; 0.05% in women with T2DM; 0.01% in women with gestational diabetes; and 0.01% in the control group). 
Discussion
This population-based study showed that incidence of both existing diabetes and gestational diabetes in pregnancy increased in Spain over the period 2009-2015. As we expected, gestational diabetes had the highest incidence rate. Unlike our earlier findings [12] , the increasing number of pregnancies in women with gestational diabetes observed in our study is consistent with studies conducted in other countries [7] . In the United States, the prevalence of gestational diabetes increased from 3.7% in 2000 to 5.8% in 2010 and existing diabetes only from 0.7% to 0.9% [8] . In Scotland, across a 15-year period (1998-2013) the number of pregnancies with T1DM increased significantly by 44% and for T2DM by 90% [10] . A population-based study in Spain showed that the incidence of deliveries of women with existing diabetes increased from 20 to 27 per 10,000 deliveries between 2001 and 2008 [3] . Observed increments in the prevalence of existing and gestational diabetes might be explained by increasing maternal age and obesity prevalence [11, 15] .
Our study highlights key differences in comorbidity and risk factors, in obstetric management and pregnancy outcomes by diabetes type. Outcomes in women with T1DM and T2DM are worse than in women with gestational diabetes. However, when compared with women without diabetes, the increment of adverse outcomes in women with gestational diabetes is remarkable. Metcalfe et al. [14] concluded that different management strategies for each type of diabetes may be needed to modify the risk of adverse perinatal and obstetric outcomes.
Obesity was one of the most prevalent comorbid conditions in pregnant women with T2DM and gestational diabetes. Timur et al. [26] found that the combination of obesity and diabetes increased cesarean delivery rates, the number of macrosomic neonates, and neonatal intensive care unit admission rates.
Smoking in pregnancy is a well-known risk factor for adverse fetal and maternal outcomes [27] . In our study tobacco smoking was a risk factor found in women with all types of diabetes analyzed. An Italian population-based study described a significant interaction between tobacco smoking and existing diabetes, which increased the risk of preterm birth by 11.7% and congenital anomalies by 2.2% [28] .
As we expect, preeclampsia and hypertension were frequent in pregnant women with existing diabetes [3] , which is known to impact neonatal outcomes [1] , such as preterm birth. The incidence of early preterm birth is considerably increased in women with T1DM and microalbuminuria, which is mostly attributable to early development of preeclampsia [29] .
We agree with other authors' findings that in diabetic women, deliveries were more likely to require labor induction or cesarean than among non-diabetic women after multivariable adjustment [1] [2] [3] 12] . Stogianni et al.
[2] identified excessive weight gain during the pregnancy and/or obesity, as well as advanced maternal age as risk factors for higher odds of cesarean section among women with diabetes.
The lower number of episiotomies among T1DM than T2DM patients reflects increased incidence of pre-term deliveries and increased incidence of cesarean sections. As can be seen in Table 3 , cesarean sections are found in 56.86% of T1DM versus 47.46% of T2DM women and equivalent figures for pre-term deliveries are 21.96% and 15.03%, respectively.
Severe maternal and neonatal morbidity were significantly higher among women with existing diabetes followed by women with gestational diabetes. A large US cohort concluded that neonates born to mothers with existing diabetes had 2.27 (95% CI 1.95−2.64) times higher risk of composite severe neonatal morbidity compared to non-diabetic mothers, and 1.96 (95% CI 1.63−2.35) times higher risk than women suffering gestational diabetes [1] .
We agree with other studies' findings that the proportion of deliveries with fetal overgrowth among women with diabetes was higher than among those with by gestational diabetes [30] . Furthermore, we found that fetal overgrowth was codified more frequently among T1DM than in T2DM pregnancies. Several previous investigations obtained the same results [6, 30] . Possible reasons have been suggested for this finding, including a decreasing rate of microangiopathy among T1DM women, improvement in care that result in lower preterm delivery, or interactions with other determinants of birth weight, such as pre-pregnancy body mass index (BMI) [6, [30] [31] [32] . It has been described that women with T1DM generally gain more weight during pregnancy. T1DM in combination with overweight or obesity constitutes a higher risk for large for gestational age infant than either condition alone [32] . Ladfors et al. [6] concluded that besides diabetes type, gestational weight gain was a major risk factor for fetal overgrowth, and glycemic control was a risk factor only in women with T1DM.
We found that women with T2DM had higher obstetric morbidity than women with T1DM, which may reflect a higher prevalence of obesity, advancing maternal age, and modest increases in the size of ethnic at-risk populations, as described by other studies [10] . Unfortunately, in the present study, data on maternal BMI and ethnicity were unavailable in the database and therefore the effect of increased BMI and high-risk ethnicity could not be assessed. In our population, we may hypothesize that the most significant factor was the increase in overweight/obesity. In this respect, there is strong evidence that the prevalence of overweight/obesity among diabetic women of childbearing age significantly rose during the study period in Spain [33] .
The main strength of this study was the use of a large population-based database of 2,481,479 deliveries that reflected trends over a 7-year period and permitted the stratification of outcomes by diabetes type. This database undergoes periodic audits that warranty the validity and completeness of the data. However, this study was subject to several limitations. As this study is based on hospital administrative data, we cannot identify unscreened pregnancies. It is possible that some Spanish regions or hospitals may have used the Hyperglycemia and Adverse Pregnancy Outcome Study/ International Association of Diabetes and Pregnancy Study Groups (HAPO/IADPSG) criteria to define GDM, even through the Spanish medical societies and Health Authorities have not changed the recommendations over the study period [18, 19] . Other authors have suggested that changes over time in the diagnostic criteria may partly explain the temporal increase in gestational diabetes [1, 7] .
Clinical data regarding diabetes control and treatments, as well as indications for obstetric intervention are not collected by the SNHDD.
Previous validation studies done with hospital discharge databases have shown that this data source is useful to accurately identify women with gestational diabetes and existing diabetes [34] [35] [36] [37] . Existing diabetes coding validity was found to have a sensitivity of 99.3% and a positive predictive value of 46.4% [34] . However, other validation studies found very high positive predictive value over 95%, these differences are based on the choice of the gold standard [35, 36] . Gestational diabetes coding in outpatient and inpatient Canadian databases combined was highly sensitive (92%) and specific (97%), and the authors of the study concluded that can be used to estimate the burden of disease at the population level [37] .
The prevalence of smoking found in our investigation was very low. A previous study has found that tobacco use is underreported in discharge diagnoses in hospital databases [38] . In our opinion the main reason for this is that according to the SNHDD methodology the primary/main diagnosis is defined as the condition which, after proper investigation, is considered the reason why the patient was admitted to the hospital. The secondary diagnosis includes those diseases or risk factors that coexist with the primary diagnosis at the time of admission or were detected during the hospitalization and that, in the opinion of the treating physician, may have affected the patient's progress or treatment plan. Other possible reasons include that those who codify may not record risk factors owing to time constraints when performing data abstraction or that when time for coding is limited, coders tend to include more severe conditions but not risk factors.
In our sample that prevalence of obesity was higher in women with T2DM than in those with GDM. Unfortunately, in the present study, data on maternal BMI were unavailable in the database and therefore the precise effect of increased BMI could not be assessed. The existence of a codification bias, with obesity being codified more frequently among diabetic than non-diabetic women with the same BMI can, therefore, not be assessed and discharged. However, as commented before the prevalence of overweight/obesity in among T2DM Spanish women with of childbearing age increased during the study period [33] .
Finally, results and p values may reflect the large numbers of patients involved rather than clinical differences.
Conclusions
We conclude that existing diabetes and gestational diabetes incidence have increased significantly over time, and we found differences in the prevalence of comorbidities, obstetric risk factors, and the rate of adverse obstetric outcomes among women with different types of diabetes.
To improve pregnancy outcomes in women with existing diabetes and gestational diabetes, better knowledge of the obstetric risk associated with different types of diabetes is necessary.
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